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Resul ts of this experiement also showed that subjects sometimes used an
initial compensatory pattern of eye-head movements . There were large inter-
subject di fferences , but use of compensation generally increased with compl exi ty
of centrally located information wfl ich required processing.

It thus appears that reaction time of the eye responds to informati on
processing variables in a manner similar to other motor response systems.
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EFFECTS OF INFORMATION PROCESSING REQUIRFMF~4’fS ON REACTION TIME OF THE EYE

Christine L. Nelson , Robert M. London and Gordon H. Robinson

The University of Wisconsin
Madison , Wisconsin

ABSTRACT

~~?h is experiment measured eye reaction t ime  as a func t ion  of presence or absence
of a central control task , type of commend , a nd knowled ge of target direction prior to
command . It was found tha t  eye reaction time was greater  when a subject  was involved
in a central t r ack ing  task then when he was not;  i t  was greater  when the command was
symbolic than when i t  was spat i a l ;  and i t  was longer when the target  direct ion was un-
known prior to command. These variables also interacted , so that the e f f ec t  of unkno wn
target direction was greater with a symbolic command.

Re sults of th i s  experiment also showed that  subjects  sometimes used an i n i t i a l
compensatory pat tern of eye-head movements . The re were large in ter -subjec t  d i f f e r -
ences , but use of compensatioa general ly increased wi th  comp lex i t y  of cent ra l ly
located information which required processing .

It thus appears that  reaction time of the eye responds to in fo rma t ion  processing
variables in a manner s imilar  to other motor response systems .

INTRODUCTION Several experiments at the tiniv er—
sity of Wisconsin have used a paradigm

Classic research on the reaction tine in which the command to refixate is given
of the eye has shown that  it usually takes while subj ects are engaged in a cen tral
about 180-230 msec from the time of a corn— tracking task .  Robinscn ar.cl Sube lmen
mand to re f ixate  unti l the eye beg ins to ( 1975) obtained an overai l  moan eye re.ac—
move toward the target  (Die fandor f  and tion tine of 634 msec , accomnari~ ed ~~~ .-

Dodge, 1908; ~esL-h~r i mer , 1954; Bar tz , increase in in te r -subjec t  v.~irian i!ity wh~~1962) .  These studies , however , ha ve gen— compared wi th  th~ results  of i~.:re t r a d i —
eral ly  used a s imple paradigm or a small tic.’~al r e f ixa t ion  experiments wi t h o u t  a
n umber of hi ghly  practiced subjects . It central  control task.  They also observed
is possible that  the reaction tines ob- that subjcct s sometime s used what  they
t am ed are liriuted to the experimental  called an i n i t i a l  cOm9ensat Ory p at t cr n
contexts and may not be found in more of eye-head movements.  In rhe compensa-
complex s i tuat ions ,  tory pat tern , the head begins tc move

toward the ta rget  whi le  the eye remains
Carlow , Dell ’Osso, Troost , Da r o f f  and f ixated on the cer,tral task , thus moving

Birket t  (1975)  presented ten naive sub- negatively wi th  respect to the haad , for
j ects wi th  a d i s junc t ive  taak (response a br i e f  period before  i n i t i a t i n g  a sac-
to either a step or ~.ulse—st ep target. cad~ toward tha ta rge t .  This  p at t e r n  ~s
motion to either the ri ght or l e f t) .  Ey.~ in contrast  to the c lass ic  mode’ in whi~’h

j reaction times varied widely between ~;uh- the eve begins  to move toward the target
L j ects , wi th an overall mean of about 255 first , followed uoout 50 msec later by

mscc. They a t t r ibu ted  their  higher eye the head . (S~:c L ondon , Bic~. and Robinsen ,
latency values to use of a paradi gm 19/8,  for a comprehen~;i ve r eview of the
which did not allow for predictive re- compensatory pat tern  of eye-head move-
sporises . Increased uncer tair.ty lcd to merits.)
increased react ion t imes. Ilertera , m l -
lan , Parsons and P i s h k in  (l~ 75) obta.ined Robinson and Bond (1975) also used
simpic eye reaction tines of about 250 the in te r rupt ion  of a t racking  tas~ to
msee in response to an au d i t o r y  s t imu l u s ,  look at e>’e react ion t ime . They reported
Wi th a choice react ion t ime task , eye an. overall eye reaction time of 502 msec .
reaction times increased to about ~9f) mo’j also found  that.  eye react ion t i m e
mscc. They a lso found a lct~ .— r ~~j ht  Si .g— (t ~~) increased wi th  t arge t  angle .  The
n al—resp onse com p a t ib i l i t y  e f fe c t  f e c  eye enf.ire e f fe c t  of t a r g e t  an g le , howe ver ,
reaction times , w i t h  a resoon~ a to thi ’  w~ s accou nted for  by the  longer  ~~ in
side Opposi te  the in c om i n g  au c l it o - y  s i g n —  the co iipcns& ory p a t t e r n . ~r~~n ~ooking
nal t a k i n g  1onyi~r t h .~Ln ~i ~~ S~~f lT~~L• to tht~ at t~, i~~r movements in the c] .issi cal pa t—
same side . Fliu m~.gnt Ludt’ cf  th~ • o mp a t —  tern  m n l y  • •~~yP react  i on t jfl.t. ~ as en tee
ibilit y c fect wa.~ comper~ b1o to t h a t order ot. 430 r.z~oc. ‘i bus the subs t ant ial
obta in~ d w i t h  men ’.ia I rcnI~onses lo the increa~~ in t

~e 
wh.~n sub ~ ec1s ~.x e

same st i m ul i , in  a ce nt~~~l cc~n tr o l . t a ’~k c~m be ~ t t r i b-
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uted in part to use of the compensatory infrared light. Head movements were mea-
mode . But even when considering only sured by a potentiometer attached to a
classic eye-head movements , there is a bicycle helme t, which was suspended by a
considerable increase in reaction t i m e  counterbalanced articulated arm.
over the oft quoted 200 msec.

Design
It seems I koly (hut reaction time

of the eye does not lift e r q u a l i t a t i v e l y  There were four  independe nt v a r i a —
from other motor response times and should bles in this experiment , each with two
be affected in a simil ar manner by a van — levels:
ety of factors. This experiment was de- —
signed to measure the effects of informa- 1. Tracking/no tracking (T,T): On
tion processing variables on eye reaction one half of the trials subjects
time (t0), specifically: 1) presence of were engaged in a central track—
a competing central, tracking task , 2) geo- ing task;  on one ha l f  of the
metric vs symbolic command signal , and trials they had no central task
3) prior knowledge of target direction to perform.
(left—right).

2. Command type : On one half of
fIETIIOD the trials the command for the

side—target task was geometric
Subjects (G) (a bar appearing either to

the right or to the left of con—
The subjects were eight male Univer- tar to indicate direction of the

sity of Wisconsin students with 20—20 un- side target). On the othe r half
corrected vision. Each was paid for his of the trials , the command was
participation , symbolic (S) (either a “5’ or a

“6” on the center tube to m di’-
Apparatus cate direction).

The subject was seated in front of a 3. Known/unknown (K ,~~): On one
monitor at eye-leve l 90 cm away. The put— half of the trials the subject
suit control task was displayed on the was instructed as to the taraet
monitor via closed circuit TV. Three RcA direction prior to time of corn-
numitron digital tubes were attached to mand ; on the other half he had
the lower part of the TV screen . The cen- no directional instructions Un—
ter tube was used to display the instruc— til the command was given.
tiOn and symbolic cornriand signals for the
side-target task. The tubes to the right 4. Left/right: On one half of the
and to the left of center were used for trials the target was to the
the geometric command signals. At eye left, and on the other half it
level 90 degrees to the right and left of was to the right.
center, also at a distance of 90 cm from
the subject, were additional numitrori The first two independent ‘.-ariables
tubes which served as the side targets. were blocked , with subjects receiving

blocks of trials with symbolic and with
The tracking task display consisted spatial commands within tracking and no-

of a dot moving randomly (0 - .10 Hz band- tracking blocks. Order of presentati~~~
width) in a vertical direction as a corn- of the blocked variables was c~unterb~ii-stand input and a vertically moving circle anced between subjects. The known/ui:k~town
as system output. The subject’s input and loft/right variables wore randomi z~’d
was made throu ,~ a joystick which could withi n each of the four trial blocks.
be moved forward or back . The relation Each trial block consisted of 24 trials ,
between the subject ’s input and system six ot each combination of the known/un-
output was second order , with an acccler- known and left/right variables , and each
ation gain of .l92cm/scc 2/degree . subject received four blocks of trials ,

for a total of 96 experimental trials.
A button was centered on the joystick

to measure the subject’s reaction time for The dependent variables in this
the side-target task. tlhen the subject experiment were :
pushed the button , his reaction time was
recorded and the target display was ex— 1. tc: time from command until the
tinguished. eye begins to move in the direc-

tion of the target;
Horizontal eye movements of the sub-

ject were measured with a Biometrics 2. th: time from command until the
SGIIV-2 eye monitor which utilizes photo- head begins to move in the direc-
cells to detect changes in reflected tion of the target;

2
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3. p( •rc cIit  compen satory  eye—head r e s u l t s  reported are col l apsed over the
movements, left/right variable. Over all conditions ,

the mean time from command until the eye
~~,ocodurc began to move in the direction. of the tar—

get was 479 msec, ranging from 362 msec
Subjects were seated and the eye and in the no-tracking-geometric-known con—

head monitors were adjusted . The chair dition to 628 msec in the tracking-sym-
was positioned so that displays were at bolic-ucknown condition. 2”.n analysis of
the subject’s eye level at a distance of variance showed significant main effects
90 cm. Subjects wore then given instruc- for all three independent variables. As
tions for the f i r s t  block of t r i a l s , fol-  shown in Table 1, t~ was greater whilelowed by ten practice trials. Prior to
the tracking block of trials , subjects ‘ able 1. Eye Reaction Time , msec.
were allowed five minutes to practice
the tracking task.

Tracking Command Direction 1
• The side-target trial structure was — —

as follows: The center numitron tube T T G S K K
went on, displaying either a “5” (upcom—
ing trial to the left) , a “6” (next trial 535 4 2 2  428 530 446 512
to the right), or a “0” (trial, side un— —
known), This instruction remained on for 

- -
five seconds , then wont off. After a the subject was engaged in a tracking
random interval (1—3 seconds), the command task than when he was not (F(l,49)
Signal was pr e s L i l t e c x. ~Or symoolic trial 7 J . 2 I , p - - .Ua) ; t~ •~as j~~ L tC1~ ‘s~~~~~~ C

blocks, the command signal was either a symbolic command than with a spatial
“5” (left) or a “6” (right). For geomet— command (F(l ,49) 58.18 , p < .05); and
n c  trial blocks , the command signal was te was greater when the target direction
a vertical bar appearing either to the was unknown prior to time of command
left (loft target) or to the right (right (F(l ,49) 24.34 , p < .05). In addition ,
target) of center. As soon as the com- there was a significant interaction be—
mand signal occurred, the subject was to tween the known/unknown and cornmam~ var—
look as quickly as possible to the target iables (F(i ,49) = 5.87 , p < .05), ~1th‘ at 90 degrees to the side indicated by the effect of unknown target direction
the command . As soon as he recognized greater with a symbolic command than with
the digit displayed on the target , he a geometric command (see Figure 2).
pushed the reaction-time button on the
joystick, which extinguished the display, Head Reaction Time
then returned to center to await the next
trial. The target digit was reported to Head reaction times (th), as shown
the experimenter via an intercom. Target in Figure 1, followed the same patterns
reaction time and correctness of idcnti— as eye reaction times, but average~ 518fication were measured to assure subject msec , about 39 mscc longer than te.
compliance with the instructed task.
They were not dependent variables of Eye reaction t imes obtained are con-
interest to this study. During trial siderably longer than those traditionally
blocks when the subject was performing a reported in the literature , while the
tracking task in addition to the side— differences between t~ and th are somu-
target task , the Subject was instructed what less than the normally found 50
to perform the side-target task as quick— msec. This can be attributed in part to
ly as possible while keeping the moving the use of componnatpry eye-head move-
dot inside the circle, merits . In the compensatory mode, the

head begins to move toward the target
After each set of experimental trials , before the eye , as shown in Figure 3, 50

the subject was given a short break , fol- that th is actually smaller than t~ .
lowed by instructions , practice trials
and the next block of experimental trials. Compensation
After completion of the final block , the
subject was debriefed and paid. Subjects used a compensatory pat-

tern of eye-head movements in l9’~ of all
RESULTS AND DISCUSSION trials. Percent compensatory trials by

experimental condition are shown in I’iq—
2~~~ acLion Tinu’ ure 4. An analysis of variance showed

subjects used significant ly more compen—
Eye reaction times (ta) by expenimen- satory movements in the tracking trials

tal condition arc’ shown in Figure 1. (28%) than in the no—tracking trials
Since a t—tc’st showed iio si gni .fica:it dif— (l0~). Subject’s also used more compen—
ferenees between left and right trials , sation with a symbolic command ( 2 3 ~~> 

.~~~:.:i:~~~~~ ; — .  :~~~ ~~~~~~~~
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than with a geometric command (15%). in which rapid visual scans are important
Differences in amount of compensation the operator is, in fact , interrupting a
between the known and unknown conditions continuous control task for peripheral
were not si gnificant , nor were overall data acquisition .
differences between left and right.
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Fi gure 1. Eye and head reaction times (t e and th )  over the three expe r imen ta l  condi-
tions : Tracking (‘1’) or no tracking (T), geometric (G) or symbolic (S) command , and
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known (K) or unknown (K ) direction .
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Figure  3. Class ica l  and compensatory
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